
CERL—TR—NLASS IFIE D

~~ 4OOO5

• I;ai 
I

I!I ml
END I

O~ 1 E
FILME D

6-77

I
I

4



I .C ~ ~
_ _  

L~~~~
3 2

~~~~~2 2

I I I
~
i
~ OOI~°

• __________

• ~
I.25 (~I.4 

~~
I~LS~~1I J l l ~ N 1I~~ I

H I ~rA I i



(

construct ion
• engineerin g / •, TECHNICAL REPORT

research ( April, 1977

• laboratory 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ANALYSIS OF ENVIRONMENTAL NOISE MONITORS

• _

I I ..
~~~ by

_ —
~~~~~~~~~~~~

-
~~~~~~ A. J . Averbuch~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P. D. Schomer

/

UI• III
_ %VM

~~~RL
Approved for public release; dist rIbutIon unlimIted .

~~~~~~~~~~~~~
1.



The contents of this report are not to be used for advert ising, publication , or
promotional purposes. Citation of trade names does not constitute an

• offictal indorsement or approval of the use of such commercial products.
The findings of this report are not to be construed as an official Department

• of the Army position , unless so designated by other authorized documents.

~
•• ••

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED
DO NOT RETURN IT TO THE ORIGINA TOR

~~~~~~~~~~~~ ;~~;

• •~• ••~c, 

q~~



SECURITY CLASSI FICATION OF THIS PAGE (WP,i.~ Oat . rnt.r.d ~ ___________________________________

I • REPORT DOCUMENTATION PAGE BEFORE COMPL.ETING PORM
L.M~~~1T Em —

, ~
2. GOVT ACCESSION NO 3 RC~ IPIENT’S CAT ALOO NUMBER

~ ‘~U CERL-TR-N-21 ( 
_____________________________-••---i (

~ 
s. tni oo

£ ( 
., ~NALY SIS OF ENVIRONMENTAL NOISE ~ )NI TORSIJ ~ ~~~~~~~~ 

FINAL
I PERFORMING ORG. REPORT NUMBER

• 7. AUTHOR(.) S. C TRACT OR OR M~~ER(.)

• 0 lAO EP 05 0645

S PERFORMING ORGANIZATION NAME AND ADDRESs 10. P GRAM El EMENT . PROJECT . TASK

CONSTRUCTION ENGINEERING RESEARCH LABORATORY A LA S  WORK IJNIT NUMUERI

• P.O. Box 4005
Champaign, IL 61820 

____________________________

II . CONTROLLI NG OFFICE NAME AND ADDRESS 1~ . ~~~~~~~\ Aprk’( 1477

14. MONITORING AG ENCY NAME a AOORESS(J S ~~ff,,,n I ft.. CanlrollM4 OSf$co) II. L • .  (of ffiS• r.porf)

Unclassified
Wa. DECLASSIFICAT ION /OOWN G RAO IHG 

-

SCHEDULE

$4. osstmIuTi ow STATEMENT (of hi. k~~.~i)

Approved for public release; distribution unlimi ted.

~~—JJfl n~~

17. DISTRIBUTION STATEM ENT (of ffi~ .b.fr.ct .nt.~~d M Block 20, Sf dlffa~~nt :.~~_ .

IS. SUPPLEMENTARy NOTES

Copies are obtainable from National Technical Information Service
Springfield, VA 22151

IS. KEY .ORD$ (C..WM,.. ., ,.,.c. . aid. SI o.c. ..~~y .~d ld.~itSS7 by block numb.,)
• environmental noise monitors

equivalent sound level
dynamic range

20. AUTRACT (ConhSnu. m, ~~~ •$~s If ~~~~~~~~ 
.,d I*mOSI~ by Slosh ...b.t)

This report establishes criteria and performance guidelines desirable in environmental
noise monitors that are achievable through state-of-the-art technology. To assese this tech-
nology, the performances of 10 avaIlable units were evaluated based on the following
points:

—;> ,4• 
~
• 

~~1. Data reduction methods and analytic resuha~ 

~ ~ 7 ~ Q~DDs~~ ’~s IQ3 IOST5ONOcSPsO S $ O ~~~~~$1t UNCLASSIFIED
SEGUR$1’V CLASSIFICATION OP THIS P A E  (1Mw Dab *nfsr.

• - •  

• -

— 
•• •



SECURITY CLASSIFICATION OF THIS PAOL(1Mw Dab. b.m4~

Block 20 continued.

2. Dynamic range

• 3. Impulse response ’

• —a 4. l~nvironnienial consid erations (teInpcralII rc exircines and wind)
— _—

— —-—-
~

•---.
~~ 

- • •- -—----- —
~~.-._--.-

~
__

~~ 

-

Shock resista~~e~~

___  

operation ’ ,4-Ai!:~,
)

~~ T~i~kelihood of errors in operation .

Favorable and unfavorable features discovered during the investigation of these units arediscussed, as well as desirable features found to be absent in all of the units. Based on thestudy and the conclusions, the operating characteristics of an ideal unit are recommended~~~

I

A - ,

UNCLASSIFIED
SSCUAITY CLASSIFICATION OF THIS PAGE(UM.n Dab. InIabO~~ - —



-~~ — 
-_—- • -- - —~~~

- -•—
~~~

-

FOREWORD

This research was conducted for the Environmental Protection Agency’s Office of
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mental Division (EN), U. S. Army Construction Engineering Research Laboratory
• (CERL). The work was perfor m ed under lAO EPA-IAG-D5.0645. Mr. A. Konheim was

the EPA-ONAC project coordinator .

COL J. E. Hays is Commander and Director of CERL, and Dr. L. R. Shaffer is Techni-
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ANALYSIS OF ENVIRONMENTAL Table I lists the monitors actually tested, and the
NOISE MONITORS appendix summarizes the test results for the individual

units. It should be noted that not all monitors available
at the time of the study were tested; only those which
(‘FRI could obtain readily were analyzed. In addition,

1 INTRODUCTION none of the monitors introduced since 1975 were
Stud I ed.

Purpose
The purpose of this report is to establish criteria and

per for mance guidelines desirable in env ironlnenta l 2 GENERAL CONSIDERATIONS
noise moni t o rs that are achievable under stat e-of-the-
art technology.

Environmental noise monitoring equipment ranges
Approech from simple integrating sound level meters (CERL

To assess this technology, the Ii. S. Army Construc- unit) and simple statistical distribution analyzers (B&K
tion Engineering Research Laboratory (CERL) tested 166) to sophisticated monitoring systems with field
and evaluated the performance of 10 available systems readout (Metrosonics, General Radio, or CERL 260) or
based on the following points: with laboratory readout (B&K SP32 I).

I. Data reduction methods and analytic results Data Collection and Reduction
Three basic philosophies of data collection are cvi-

2. Dynamic range dent. One is to save the actual time histo ry of the noise
sample on magnetic tape; the data can then be played

3. Impulse response back and analyzed by several different methods. How-
ever , much tape and its attendant bookkeeping are re-

4. Environmental considerations (temperature cx - quired , and the operator must change the tapes daily if
tremes and wind) a one sample/second rate Is used.

5. Shock resistance A second method of data collection involves proces-
t sing the noise data as they are collected, so that the de-

6. Ease of operation sired information is available in the field. This methodr is valuable for noise mitigation , since the effects of
7. LikelIhood of errors in operation, changes in the noise environment can be measured

readily. Furthermore, problems with the unit can be
The tests included both an electrical and acoustical de- discerned earlier. These units have internal hardware or
scriptlon of the monitors, and a description of their microprocessors for processing the data, and the type
physical and operational characteristics. A set of per- of data developed by the monitor is consequently more
forunance guidelines was developed from this analysis difficult to modify.
and from the application of technologically related
concepts. Lesser used option, employed by the CERL/EPA

unit, stores reduced data on magnetic tape . Using a
This report examines favorable and unfavorable fea- programmable calculator simplifies data format mc~difi-

tures discovered during the investigation of the 10 cation, but problems with magnetic tape drive~ and
units, as well as desirable features found to be absent In programmable calculators in the field may occu r (see
all of the units. Based on this discussion, conclusions Chapter 3).
i~jve been drawn regarding tht~ desirable features to be
required of an environmental noise monitor. The data collected by the various units for a large

set which Includes the following:
Chapter 2 is a general discussion of these points, and

Chapter 3 provIdes details about the individual units. I. Equivalent sound level (Lq
)

Chapter s 4 and S give conclusions and recommenda-
tions. 2. Day and night level (Ldn)

S
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Table I
Units Teste&

Model
Manufacturer Type Number

B&K Instruments, Inc. Environmental Noise Classif ier 166
51 11W. 164th St.
aeveiand,oH 44142

B&K Instruments, Inc. Digital Data System for Noise and SP321
5111W. 164th St. Vibration
aerth nd,oH 44142

Computer Engineering Limited (CEL) Noise Average Meter 112
Cadwe il Lane
Hitchin, Hertz.. England
SG4053

CERL True RMS Integrat ing Environ- 260
P. 0. box 4005 mental Noise Monitor and Sound
(‘hampeign, IL 61820 Level Meter

CERL/EPA2 - —

Digital Acoustics, Inc. Incremental Noise Data DA603
1415 E. McFadden , Suite 1 Acqu isition Unit
Santa Ana, CA 93705

General Radio (GENRAD) Community Noise Analyzer 1945
300 Baker Ave.
Concord, MA 01742

Laboratory Equipm ent , Inc. Digital Acoustic al Data 20 lOB
350 Sunset Blvd. , N. Acqui sition System
Renton , WA 98055

Metrosonics Sound Level Analyzer dB.602
Box 18090
Rochester, NY 14618

Tracor , Inc. 3 Environmenta l Noise Monitor -

6500 Tracor Lane (Experimental; for internal use
Austin ,TX 78721 only)

1Note: Not all mon itors avail able at time of study were tested; only those readily obtainable
were analyzed . None of the monitors introduced since 1975 were analyzed.

2lhis unit is a monito ring package assembled by CERL from commercia lly ava ilable parts .
3This unit was experimental and for internal use only. It was rented to CERL for the tests in
order to essist in the search for deWable and/or undesirable featu res.

3. Standard deviation of the sound pressure (S.D.) 7. Data bins, which contain the number of times
that the sound level falls between two limits

4. Noise Pollution Level (NPL)
S. Department of Housing and Urban Developmen t

S. Arbitrary L~ values, whe e n is the percent of’ (HUD) levels, which are specific L~ levels used in
time that the L~ sound level Is exceeded HUI) criteria

6. Selected L~, values 9. Sound Exposure Level (SEL)

6
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10. Community Noise Equivalent Level (CNEL) impulsive type of signal adds an additional requirement
to the system, since its peak amplitude is far above its

II. Single Event Noise Exposure Level (SENEL) root mean square (RMS) value. Thus, the total system
dynamic range must extend from the lowest RMS level

12. Hourly Noise Level (HNL). to the highest peak level required.

Table 2 summarizes the data collection and analysis Quiet fields will typically exhibit A-weighted sound
methods of the various units tested. levels ranging from 30 to 40 dB. Nearby jet planes, hel-

icopters, construction activities, trains, rifle ranges,
Dymamic Range etc. , may exhibit A-weighted sound levels as high as

A noise environment can range from a quiet farm 110 to 120 dB. Because of the impulsive nature of
field to a noisy highway or airport. Signals can range some of these sources, the peak amplitude is likely to
from the continuous drone of a distant highway, an in- be 10 to 20 dB higher than the RMS level of 120 dRA.
dustrial plant , or a transformer, to highly impulsive Thus, the range encountered may even exceed 100
sounds such as those from helicopters, jackhammers, or dBA.
pile drivers. In the extreme, the monitor may be called
on to handle individual, large-amplitude impulses such Moreover, it is not unreasonable to hypothesize nu-
as those resulting from explosions or sonic booms. The merous situations in which the L,jn could vary signifi-

Table 2
Data Collection and Reduction Characteristics of the Units

Data Roduced
Manufacturer Storage Calculation Results Available

B&K 166 CNTR None Data Bins

B&K SP321 MT PC L,q, NPL , S.D., Arbitrary Ln
values

CEL IM IC Leq

CERL 260 IM or PC IC or PC L~~, SEL

CERL/EPA MT PC Leq, 1en’ S.D., Selected L~,Data Bins

Digital Acoustics MT PC L,~. NPL, S.D., Selected Ln

General Radio IM IC L~~, Ldfl Selected L0, IlUl)
levels

Laboratory Equipment MT MC1 L~, ~~~ HNL , ~~~ NPL ,
SENEL,CNEL

Metroaonj cs IM IC2 Arb itrary L~ values in l-dB steps

Tracor MT MC’ L~~, CNEL, Selected L1~

‘At manufacturer s facility.

~The stored data can be read by a Wang 600 programmable calcu lator for further
processing.

KEY:
MT • Magnetic Tape PC• Programmable Calculator

CNTR - Mechanical Counter MC • Minicompute r
IM • Internal Semiconductor Memory IC — Internal Calculator

_ _ _ _  _ - -  
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cant ly from one day to the next ; for examp le, on one Because the microphone system elements and the
day, the 30-d B threshold would be important , and on overall microphone system response are being studied
the next, the peak amplitude requirement would be irn- by the National Bureau of Standards, only the required
portant. Examples of this situation would be a con- overall perfo rmance is given here. The ideal perfor-
struction activity that closes for the weekend , an air- mance would be capable of extending down to an A-
field where runway usage changes with the winds , or a weighted noise floor of about 35 dB. The peak RMS
local gun club used only on the weekends. amplitude capability should be such that the lowest

voltage front the smallest acoustical signal is S to 10
The first element to be considered in determining dB above the input noise of the monitor when its input

the dynamic range is the microphone. A 1-in. (25 mm) is short-circuited.5
condenser microphone typ ically ranges from a lower A-
weighted limit of 18 to 20 dB to approximately 130 to The dynamic range of the monitor , which is an elec-
140 dB. Typically, the 1/2-in. (13 mm) condenser mi- trical quantity, must be such that the noise floor is be-
crophone raises these limits by approximately 10 dB, low the lowest level signal sent by the microphone sys-
so the lower and upper A-weighted limits are approxi- tern and yet capable of accepting the highest level sig-
mately 30 dB and 150 dB, respectively. When consider- nal sent by the microphone system.
ing flat-weighted signals, the noise floor of the micro-
phones rises 7 to 10 dB; the resulting floor is approxi- Impulse Response
mate ly 25 dB flat-weighted sound pressure level for a Like dynamic range, impulse response is a key par-
I- in. (25 mm) microphone, and approximately 40 dB ameter of the microphone system and environmental
flat-weighted for a 1/2-in. (13 m m )  microphone. noise monitor, and like dynam ic range, there is a wide

set of requirements for impulse response . Impulsive
In addition to the sensitivity limitation of the m i -  noise sources are not limited to military sources , such

crophone, there is the limitation created by wind noise. as artillery, armor , or rifle fire, but also include numer-
A moderate wind, such as 12 mph (19 km/hr), will pro- ous sources in built-up urban areas , such as quarries,
duce a noise level of approximately 45 dBA when a mi- railroad marshaling yards, gun clubs, forging plants
crophone is used in conjunction with a standard wind- and other similar industrial activities, and quasi-con-
screen. tinuous impulse sources such as helicopters, jackham-

mers, and pile drivers. For many of these sources, and
The microphone is also limited electrically. The low- especially for the isolated even ts, the quantity mea-

level electrical signals produced by any of the micro- sured is actually the im pulse response of the monitor-
phones near their low-level limits typically range from ing or measuring equipment, rather than a distinct
20 to 30 pV for the condenser microphones and even characteristic of the noise source. Direct integration of-
lower for other microphones such as electret and piezo- fers a good means to eliminate the vagaries of meter
electric. At these low levels , it may be necessary to am- impulse response from the measurement system.

• plify the microphone signal before it is sent by cable
from the microphone to the monitor proper. In some Field Use
instances, low-noise cables , short cables, or rigid con- Field use includes environmental considerations and
nection between t he microphone and monitor may be shock resistance. It is easy to hypothesize temperature ,
sufficient, weat her , and shock resistance extremes , which can af.

feet field use as much as the electrical extremes placed
Al times, other factors may dominate. For example, on dynamic range and impulse response. CERL has

with sensitive microphones, wind noise generated at monitored highway noise over temperatures ranging
the microphone may be greater than wind noise tralls- from -20°C (-40°F) to 40°C (104°F) wit hout electrical
lated into electrical noise by motion of the cable in the power available. Other monitoring situations have
wind ; however , the opposite may result for less sensi- ranged from a suburban front yard, for which the
tive microphones. A rational approach is to treat the equipment was driven to the site in a standard sedan,
microphone system as a whole (the microphone ele-
ment and its associated limitations, the windscreen,
wind noise , cable noise, preamplifier noise, and signal Thls requirement assumes that a low impedance source is

• - . used to drive the cable. If a high impedance source is used toamplifier noise at the microphone) and discuss the drive the cable, then input noise of the momlor must be mea-
overall dyanamic range which must be present at the sured with thu impedance across the Input rather than a short
end of the cable connecting into the monitor proper, circuit.

8
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to large, remote construction sites, for which the equip- Based on the data for the individual units tested, the
ment was transported roughly to the site in the back of dynamic range of available units ranges from a low of
a pickup truck. Weather conditions have ranged from 30 dB to a high of about 120 to 125 dB, with typical
bright sunshine and light wind to snow and ice storms, values between 75 and 100 dB. Table 3 lists the opti-
thunderstorms, and tornado-like winds. Humidity cx- mum dynamic range of the various units along with
tremes have ranged from 10 to 100 percent relative corresponding microphone systems. Use of other ml-
humidity. crophone systems may decrease the dynamic range.

Thus, current monitor systems will meet, or almost
Operational Considerations meet, system dynamic range requirements when they

Operational considerations include ease of operation; are used with optimum or nearly optimum microphone
likelihood of errors during operation of data reduction; systems.
manpower considerations, such as number of personnel
required to set up and calibrate the equipment; hours It was found that the calibration potentiometer may
required for data reduction; and other time considera- alter the dynamic range in some units, but this is
tions. usually not a problem when the optimum microphone

is used.

The overall dynamic response of the monitor system3 RESULTS OF TESTS AND ANALYSIS is a function of (1) the dynam ic range of the electrical
OF THE MONITOR UNITS characteristics of the monitor , (2) the overall dynamic

range of the microphone system, and (3) the match be-
tween the m icrophone system and the monitor itself.

Dynamic Range For accuracy, the monitor system dynamic range
As discussed in Chapter 2, the dynamic range of the should be specified for each microphone system that

monitoring. system (an electrical quantity) must have a the manufacturer intends it to be used with. In addi-
noise floor below the lowest signal sent by the micro- tion, the electrical dynamic range, maximum input vol-
phone system but also be capable of accepting the high- tage, and noise floor should be specified. When the cali-
est level signal sen t by the microphone system. When bration potentiometer alters the dynamic range, the
these two systems are not properly aligned, a resulting manufacturer should specify the minim um range which
loss in dynamic range can be expected. For example, if would be obtained under a “worst case” calibration
the lowest signal transmittted to the monitor by the potentiometer setting.
microphone system is 10 pV and the input noise of the
monitor is 1 nsV , then 40 dB of range would be lost. Impulse Response
Similarly, if the largest voltage the microphone system All units were tested for their capability to handle
may transmit to the monitor is 100 V, but the monitor grossly nonsinusoidal wave forms. A method was de-
clips those signals in excess of lC V. then 20 dB of po- vised to test the electrical characteristics of the moni-
tential dynamic range would be sacrificed. tor systems: a sine wave was fed into a tone burst gcn-

erator and the gating of the generator was arranged to
Some of the systems tested by CERL exhibited this produce one cycle of the sine wave followed by arhi-

difficulty. Although the electrical dynamic range of the trarily long, blank intervals before the next sine wave.
instrument was adequate, it could only be realized when This waveform produced signals with a wide range of
using the monitor in conjunction with specific micro- crest factors. Additionally, when the gating was set for
phones. For example , one unit had a dynamic range of a long time between impulses, it was possible to test
120 dB using a I-in. (25 mm) condenser microphone, the response of the unit to infrequently occurring sig-
but only a 6l -dB dynamic range when using a very in. nals. Since the RMS value of the sine pulse can be cal-
sensitive microphone. Some units accommodated par- culated theoretically, the theoretical and actual read-
tially or fully for various microphone system capabili. ings can be compared. This test shows whether a detec-
t ies by including input range switches. For example, it tor has true RMS characteristics.
may be possible to attenuate a signal from a micro-
phone so that it is not clipped by the monitor , but it Table 4 shows the results of the sine pulse test
may not be possible to amplify a low-level signal with- with the different monitors. The I3&K 166 was not
out the resultant clipping of the high end of the signal tested, since it has an unusual display and is sampled
and the consequent reduction in the dynamic range . infrequently. For comparison , a B&K 2209 sound level

9
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I
Table 3

Dynamic Range of Units Tested

Microphone
Maximum Dynamic Sensitivity

Instrument Weighting Reading Range1 Maximum Noise Relative to
Range Available (dB) (dB) Input 1’ 2 Level1’ 3 V/Pa (dB)

B&K 166
60-48 range A , C, D, Flat 90 30 5 mV - —50

B&K SP32I
35-dR base (cw)4 . ~ A or FLat 95 71 6 ItO mV 30 yV —20
35-dB base (ccw) A or FIat 95 726 40 mV I0~ V —29
65-4B base (cw) A or Flat 125 716 340 mV 96 MV —29

CEL
Microphone high A 147 77 I.2 V I7O MV --5 1
Microphone low A 117 75 38 mV 6.8~ V —S I
Auxiliary Flat 14 7 77 7.1 V 1 mY —35

CERL 260
Microphone A,C,D,FIa t t02~ 96 t Oy  .I6mV _8

CERL/EPA
• l2O dB scaIe9 A ,C .D,FIat 120 80 IOV ImV

DIGITAL ACOUSTICS
Calibration switches
minimum A or Flat 143 123 1 2 V 8.5 MV -27
maximum A or Flat 143 61 8.9 mV 7.5 pV -90

General Radio
• Microphone A,C,Flat 120 98 .13V l.6 pV —44

Auxiliary A ,C,F lat 120 98 .51 V 6.5 MV —32

Laboratory Equipment 11
Microphone A,C, FIat 125 100 1.8 V 18MV -26

• Metrosonics
130 db (cw)12’ 5 Fiat 149 87 4.38 V .20 mY —26
130 dB (ccw) Flat 149 99 26.5 V .30 mV —42
Microphone A (cw)13 A 119 87 ISV 8 miV -40

• Tracor
130 dB range A 129 85 .36 V 20 MV —44
100 db range A 99 69 Ii mV 4 MV —44

1Linear weighting used wherever possible.
2Maximum input refers to voltage in at maximum reading.
3Noise level refers to calculated voltage at the lowest value the display will read with the input shorted.
4For I-in, (25 mm) position. In 1/2 in. (12.5 mm) position, base and readout are 10dB higher.
5(cw) and (ccw) refer to the position of the calibration potentiometer.
6Oimly 60 db Is actually used in basic system.

• 7Up to SO-dis correction factor can be added.
8 29 dB with 20 dB of gain in B&I( 4921 and 17db of correction.
9Any scale may be entered from the keyboard.

10With 18.5 dB of gain in a B&l( 4921, the microphone sensitivity is —29 dB.
wm manual—unit not tested .

l2Range switch only changes displayed value.
13Mlcrophone B same as Microphone A , but display reads 10dB higher. Micn,phnnc inpui’i h~ivc 30 (lit

preamp.

$ 10
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Table 4
Sine Pulse Tests of the Monitors

Fundamental = I kHz n Period in msec

Manufacturer n~ I n 2  n 5  n 10  n:SO n=500 n~5OOO

Theoretical RMS
relative square
wave ofOd il —3 db — 6db -10db — 13d b —20 dB —30d b —40 db

B&K 2209 SLM’ —3 — 6  — 10 —13 — 20

B&K SP32I2 —3 - 6 —1 0 —13 —20 —27 
-

CEL —3 — 6 -10 — 13 —20 —30 -39

CERL 26O —3 — 6 —1 0 —13 —20 —30 —40

CERL/EPA 1 -3 - 6 —10 13 —38

Digital AcousticsS —3  — 6 - 19 —12.9 -19.8 —28.5 —50
to to

—2 0.5 -31.5

General Radio2’ 1 —3 — 6 — tO - 13 — 20

• Metrosonics4 -3 • • . 7 —1 0 —42

Tracor 5 —4 —10 - 18 —29 —44

1
~rest factors at least 14 dB at maximum reading.

2When n is 500, display values change rapidly, making accurate reading Impossible.
8Crest factor at maximum depends on calibration switch setting. On most sensitive set-
ting, crest factor is 3 dB and improves as the sensitivity is reduced.

4Crest factor is 10 dB at maximum signal input.
6The Tracor unit has an averaging detector rather than an RMS detector.

meter was also tested. The table shows that the CEL change if the difficulty were a sampling mate problem
and CERL 260 units can handle impulses separated by and not a detector problem. For example, with n equal
a considerable amount of time without giving errone- to 500, the oscillator at I kHz, a detector wi th a 100-
ous results. Since all tests were run on the fast position msec integration time, and a sample rate of I per sec-
of the detectors, most of the other units encountered ond or slower, the fast decay of the integrator might
difficulties with the wide spacing because of the detec- result in missing the peak if an exact beating occurred.
tor time constant used in the RMS detectors. These Raising the oscillator frequency to 10 ku ,  eliminales
time constants are approximately 100 msec except for this possibility.
the CERL/EPA unit. The Tracor unit shows clearly
what happens when an averaging detector is used rather Analytic Results
than an RMS detector. The B&K 2209 sound level me- Chapter 2 discussed the basic philosophy of location
ter, by comparison, works well until an n reading of of data reduction and type of data available. Here, the
500 is reached, at which point the needle jumps with availabi lity of an analog data output and specific m a -
every pulse: the jumping of the needle then becomes lytic results are com pared.
the limiting factor. -

• Of the units tested, three had a specific output jack
Similar measurements made usIng 10 kI-lz and 100 for taking tape record ings. The CERL/EPA, the CERL

Hz rather than the I kHz oscillator frequency tended 260, and the Digital Acoustics units had output jacks
to confirm the inability of certain detectors to operate that would conveniently supply the signal to a tape re-
above various crest factors , since test results would corder. The Digital Acoustics unit also had an auto -

II
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ranged output which allowed an inexpensive recorder The L~ and L50 results from the units capable of
to be used over the full dynamic range of the unit. The supplying these data were also compared. Table 6 sum-
other units required that the operator arrange for his/ marizes these results. Considering the CERL 260 as the
her own 1-connection to take the signal from the mi- “standard” because of the close agreement between the
crophonc to the tape recorder. Two units the Tracor CEL and the CERL units on the 1

~q measurement , it is
and B&K 166 did not have this capability, since the apparent that the L~ values in the table are generally in
microphone was integral to the unit. close agreement with the value obtained by the CERL

• 260, although they are sometimes somewhat above it.
• Specific analytic results were compared by means of Similarly, for the L50 values, the recorded data are u-

a test tape which was prepared by placing a micro- sually above this value, with the exception of the
phone approximately 50 ft (15 m) from a busy road- CERL/EPA unit, which is somewhat below it. The Met-
way. This tape was approximatel y I hour long and was trosonics unit tested in this study, which did not mea-
played into all the instruments tested. Table S summar- sure Leq (although it has this capability with a separ-
izes the Leq results for the various instruments capable ate option), agreed with the CERL 260 measurements.
of measur ing it. This table also shows Leq results mea-
sured by the CERL 260, which has a purely digital de- Operational and Environmental Considerations
tector and employs no time constant in the RMS detec- This discussion is’ divided into three parts: (I) gen-
tion circuit. As can be seen from the table, the ‘-eq val- eral difficulties encountered with the various units,

• ues do not vary more than ± I dB from one unit to an- (2) results of temperature variations, and (3) data re-
• ot her with tll exception of the Tracor unit, which is in duc tion time requ iremnen ts.

g error , because the unit employs an average rather than
an RMS detector , It should also he noted Ihal the (l~L T bI 6
amid ( ‘l~K I • 2b() u nit s, which are the only uium il s having ~ e

- . . Measured L1 and L50 Levels of Traffic Noise Test Ta~ ei rue RMS direct uullcgratunn deleclors nol employing
any time constant ,-record identical values. Flat Weighted

• 
• Tabk ~ Manufacturer Sample Rate L1 L50

Measured L,q on Traffic Noise Test Tape
Manufacturer Flat L~ S.~~ la ~~~ B&K 166’ 6 sec/sample 108.52 975

B&K 166k 98.9 l/~~ 
B&K SP231 1/sec 110.7 96.7

B&K SP32I 100.3 10/sec CEL3 Integrator

CEL 99.00 VarIable frequency CERL 260 10/sec 4 109.0 95.0

- digital integrator
CERL/EPA “flat” weighted 10/sec 110.2 97.2

CERL 260 99.0 50 kHz continuous
U~~~ P.tlOfl Digital Acoustica 1/sec 112.0 97.2

• 
. CERL/EPA 9$.l 10/s.c General Radio 10/sec 110.0 96.0

• Digital Acoustics , 9$$ 1/we Metrosonica I/.rc 109.0 95.0

General RadIo 100 0 10/.rc A Weigh ted

• 1/p.c CERL/EPA 10/sec 105.7 83.7

A L,~ 
Tracor1 1/sec 96.0 87.0

CERIJEPA 92.1 10/s.c 1Valuea were computed by hand f rom raw data.
2Thla Ia the value of the highest bin.

• Tracor3 89.0 I/s.c 3ThIs unit calculates only L~~.
• t Vstues were computed by hand from raw data. 4Each sample was the sum of 5000 readings taken at a 50-kHz

2Thl* unit did not have the L5q option Installed, rate.
3Traco, unit I. not directly comparable to others. 6Tracor unit Is not directly comparable to others. When using dl-
When using the dIrect electrical Input, the reapon.e Is roct electric Input, the response I. somewhat flatter than A
.m,mncwhat flatter than A weighting. weighting.
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General Difficulties reliable, perhaps indicating a basic problem in either

Investigat ion of the various available noise monitor the recording or the reading pru ess.
units revealed numerous difficulties in their setup and
operation, ranging from cabling to settin g of controls 3. CEL Noise Average Meter. Although not an en-
to data readout. The following sections discuss difficul- vironmental noise monitor , the CEL Noise Average me-
ties encountered with the various units and the require- ter was evaluated, since it was sufficiently different
mnents to be incorporated into an ideal unit. from other sound level meters. The major difficulties

with this unit are (I) that calibration is difficult be-
Most of the outdoor units tested required the cover cause of the time required to obtain a reasonable e-

to be open to operate the controls and to read data quivalent level , (2) the unit has only limited battery
out. However , no provision had been made to weather- life and cannot be used in the field for an entire day,

• proof the internal controls and readout , which is par- and (3) the Nixie tube display is harder to read in di-
ticularl y bad if magnetic tape must be changed or the rect sunlight than the LED display .
units calibrated in the rain. It is impossible to check
the operation of some units while they are running, so 4. CERL 260. This unit has only Lt.q and SEL a-
it is not always known whether the unit has stopped or vailable in the field. It is necessary to use a program-
whether it is operating properly. mable calculator if statistical data are required. The u-

nit is heavy, but can be carried by one person. The unit
Most of the units used light em itting diodes (LED) is weatherproof, like the B&K SP321, and the front

to give the operator numerical information. Since these panel is also waterproof , so the controls can be ac-
LEDs are hard to read in sunlight, some mean s of pro- cessed in bad weather. Also, the unit does not have to

• tecting the display from excessive light -levels is re- be opened to output data, since the digital printer can
quired. be used to give a start print command. The memory

can be cleared to make room for new data as the old
Following are specific deficiencies noted in the units data are printed.

tested:
S. CERL/EPA Noise Monitoring System Employ-

• 1 . B&K Model 166 Environmental Noise Classifi- lag the Wang Computer Calculator. The CERL/EPA u-
er. One of the main d isadvantages of this unit is that it nit is very bulky, requiring two persons for setup and

• requires 110-V power for operation . In addition , all of disassembly. Moreove r , the unit is designed only for
the individual counter readings must be recorded; how . 110-V power and only for sheltered use. The Wang cal-
ever , t hese counters are mechanical, so they are m uch culator is sensitive to power line spikes and occasional-
easier to read than the LPD disp lays. Resetting the ly stops program execution. The requirement for shel-
counters to zero is also a problem , because as some of tered operation places an additional limitation on the
the counters are reset , others are gathering data; there- unit’s monitoring flexibility. The unit with the Wang

• fore , when one reaches the end , the counters that were computing calculator is rather complex to operate , re-
reset originally have already accumulated new data. quir ing numerous entries in a precise order. Because of

• This unit lacks a master reset button , so the only easy the Wang’s limited alphanumeric memory capability,
means of resetting the unit is by turning off the powe r. no prompting is available from the calculator , so a

“crib” sheet must be used to insure that operational
2. B&K SP32l Noise Monitor System. The B&K setup parameters are entered in the prop er order and

SP32 lis designed to be used outside, but not with the manner. Similarly, interpreting the output data is diffi-
R&K 4921 outdoor microphone system. Two external cult because only a few identifiable letters are availa-
12-V batteries are required to power the SP32I when ble, rather than the complete labels. Again, use of an
using the 4921. Moreover, calibrating the SP32 1 with external “crib” sheet Is required to interpret the data
the 4921 is ambiguous ; there can be a 10; 20; or eve n a output. The unit’s RMS detector requires a 20-mm .
30-dB error in the calibration procedure, because the warmup time. The screw-type connectors used to at.
ten ’s dig it is lacking in the display. In addition , the tach cables to the unit are prone to difficulties , be-
tape unit employed for data storage in the SP321 froze cause nicks In the connectors Impede their operation.
in less than half a day durin g cold temp erature testing;

• however , the major difficulty was moisture rather than 6. Digital Aco ust ici Noise Monitor System. This
lack of a cold temp erature tap e. In general, It was unit possessed only minor diff iculties. The unit Is de.
found that information read back by the tape was un- signed to work with a widu.- range of m icroph ones; how-
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ever, changing from one microphone to another re- calibration procedure was extremely difficult , requiring
quires a complete stripdown of the unit to set tiny in- two persons. The unit’s microphone was attached and

- I ternal switches placed on printed circuit boards which was designed only for mounting on a heavy pole (such
set up the gain for different microphones. as a telephone pole), rather than having flexibility in

its area of placement. This unit could not be opened by
7. General Radio (GENRAD) Environmen tal latches , but instead required the use of a large screwdri-

Noise Monitor. The GENRAD Environmental Noise ver.
Monitor had several minor problems which did not im-
pede overall operations or increase error possibilities, Temperature Testing
but which should be considered. The unit is designed The units were subjected to temperature extremes

• with a microphone at the end of a 5-ft. long (1.5 m) to test their capability to withstand different tempera-
pole attac hed to a case . The mnonitor is inside this case ; ture conditions. The extremes ranged from -12 °C
it is difficult to ship this unit due to the shape of the (11°F) (the lowest controlled temperature available) to
case and the long pole attached. In addition, the insta- approximately 50°C (122°F) (representative of the ap-
bility of the case without its electronics inside makes proximate temperature inside a van on a hot summer
the unit prone to falling over, as when the batteries are day). In actual use, the units clearly presented a num-
charged. The case is not airtight, so there is potential her of problems. For example, the paper chart recorder
for moisture condensation on the components inside, on the Tracor unit was ve ry difficult to chang e in the
The only readout capability is throug h LED display on cold temperature . Also, as indicated earlier, the units
the front panel, which means that the operator must requiring direct data recording in cold temp eratures
record the data accurately - an unp leasant task , espe- cause discomfort to the operator.
cially in cold weather. The LED display is difficult to
read in bright sunlig ht. The calibration potentiometer Other cold temp erature problems were mechanical
is difficult to adjust, requirin g a long, thin screwdriver in nature. The tape unit on the B&K SP32 I froze due
since it is recessed approximately 4 in. (102 mm) be- to moisture condensation on the tape mechanism , and
low the panel surface. Additionally, changing weighting the chart recorder on the Tracor unit froze. Also, the
networks requires a screwdriver rather than a knob; batteries of all the battery units exhibited lower capaci-
this operation is particularly difficult in cold weather ty during the cold temp erature test , and none met t he
when the operator must wear gioves. The GENRAD u- values given in the manufacturer’s data sheets. As a
nit is powered by internal “D” cells,whlch last approxi- safety factor for presently manufactured units, the user
mately 3 days. The arrang ement of the batte ry corn- should divide the stated batte ry capacity ~ two when
partment makes changing the batteries ve ry difficult; operation is planned below 0°C (32°Fb. The appendix
also, the batteries cannot be changed while the unit is sum m arizes power requirements jn~ halter) capability

• 
operating. for each unit.

• 8. Laboratory Equipment Environmental Noise All outdoor un its other than the General Radio and
Monitor. This unit was not tested because It malfunc- Laboratory Equipment models operate essentially as
tione d and was returned to the manufacturer for repair . sealed units, except when the operator must have ac-

cess to the controls. Becauie these two units do have
9. Metrosonics Noise Monitor. This unit had only ventilation from outside to inside, rapid changes in

very minor problems: use of the sc rew connector rath- temp erature w ill probably cause condensation.
er than the bayone t connector , the necessity of writing
down data rather than having a data readout system , I~ ta Reduction Thne Requvements
and the use of the LED display which is sometimes dif- The length of time required to process a I -hour
ticult to read In bright sunlight, block of data varies from It) minutes for a B&K SP32I

unit to direct readout for the CERL 260 unit. Analysis
• 10. Tracor Corporation Environmental Noise Moni- time for the B&.K 166 is determined by how rapidly

tor. Like the CERL/EPA unit, this unit was bulky (al- numbers on a form provided by the unit’s manufactur-
though one person could move it) and used the screw- er can be computed. However, the calculations are sub-
typ e connectors. This unIt had a paper tape chart re- ject to arithmetic errors which , when they occur , cause
corder that was difficult to chang e, especially in cold the remaining L~ values to be In error. The data reduc-
weather; also, the paper advance mechanism and the tion speed of the General Radio and Met roso nics units
magnetic tape froze during the cold weather test. The depends on how fast the operator can write down the
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numbers displayed. The processing time of the remain- data for each block requiring a separate printout. The
ing units does not vary greatly, but the amount of corn. CERL 260 unit can print out all the data in memory

• putor effort required differs appreciably. The Digital (96 blocks) in two minutes on a digital printer.
• Acoustics and CERL/EPA units can be set to run con-

tinuously to process a full data tape without stopping. Table 7 lists the time required to analyze a I-hour
The B&K SP32I unit requires the operator to enter block of data, and reiterates the data shown in Table 2.

Table 7
Data Reduction Time Requirements and Data Storage and

• Collection Characteristics of the Units

Data Time to Analyze
Manufacturer Storage Calculation a I-Hour Block Readta Available

B&K 166 CNTR None -.~~ Data Bins

• ‘~ B&K SF321 MT PC 4 mInutes L~~, NFL, S.D., Arbitrary
L,~ values

CEL IM IC Direct Readout L.q

CERL 260 IM or PC IC3 or PC Direct Readout L.q, SEL

• CERIJEPA MT PC 1/2 minutes Lve, L~~, S.D., Selected
La. Data Bins

Digital
Acoustics MT PC 3 minutes2 L~~, NFL, S.D., Selected

General Radio IM IC 1-1/2 minutes L~~, L~~, Selected L,5.
HUD levels

• Laboratory
Equipment MT MC4 - L~, L~~, HNL, L~~, NFL,

SENEL. CNEL

Metrosonics IM IC3 1-1/2 minutes Arbitrary L~ values in 1-dB
steps

Tracor MT MC4 - La.. CNEL, Selected L~5

1About 10 minutes ire required to get selected La’s and L,~ from data in bins.
3TIune varies with the data sample rate.
3The processed data can be rend by a Wang 600 programmable calculator for further
processing.
4At manufacturer’s facility.
aTlas. varies with the number of L~’a examined.

KEY:
MT • Magnetic Taps PC - Programmable Calculator

CNTR - Mechanical Count., MC • Minicomputer
IN • Internal Semiconductor Memory IC Internal Calculator

1
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4 CONCLUSIONS this specification, the gain potentiometer should be ad-
justed to yield the m aximum dynamic range .

Results of this research have indicated that none of R.quirem.nts Which Will Reduce
the currently manutaciured monitors tested in this Mechanical Problems
stu dy contain all of the characteristics desirable in an i- The monitoring system and the m icrophone system
deal unit, should each be light enough and small enough so that

one person can conveniently set up and disassemble the
The Lq appears to be easily measurable, providing system.

uniform results from monitor to monitor.
The operation of the system should be such that

t levels seem to be rather sensitive to slight differ- one person can conveniently turn on, start up, obtain
• ences from monitor to monitor ; durin g test ing, it was data, and calibrate the system.

noted that they can change substantially for two analy-
ses of the same recording with the same monitor. The units should be designed for outdoo r use . The

front panel should be weatherproof so that opening the
unit during inclement weather will not adversely affect
it. This requirement ha especially important when one

5 RECOMMENDATIONS considers the use of pape r tape or magnetic tape for
which moisture is .i more serious problem, especially at
very cold temperatures.

Dynamic Rang.
The dynamic range of the m icrophone and its asso- The n u l l  shunk~ be part icubrly designed for cold

elated power supply , windscreen, amplifiers, and cables weather use . switches and other mechanical devices
to the monitor unit , should be 80 to 100 dB . depend- must he designed for operators wearing gloves and oth-
ing on planned use. For monitoring in quie t areas , the er bulky clothing.
A-weighted noise floor should be about 35 dB. The
peak instantaneous amplitude capability should be Operations should be as simple and straightforward
more than 140 dBA. as possible; the front panel design should be easily un-

derst ood by technicians , ~nd its functional areas should
The equivalent electrical voltages at the end of the be grouped logically.

cable of the microphone system where It connects In-
to the monitor should be such that the lowest voltage The readout device (when digital readout is used)
from the smallest acoustical signal Is 5 to 10dB above should be easily readable in sunlight. A simp le sun-
the input noise of the monitor, shade will enhance reading of the LED and Nixie tube

displays.

The analyzer itself should have a dynamic range at
least equal to the range of the microp hone system. Vol- All necessa ry controls should be easily accessib le
tage levels between output of the microphone system and not require the use of extraordinary tools such as
and Input to the analyzer should be alignable so that long, thin screwdrivers.
there is no sacrifice in dynamic range .

Bayonet cable connectors should be used rather
Dynamic range should be specified by the manufac- than screw-type connectors, since they are less prone

turer for each of the microphone systems recommend- to field damage.
ed for use with its system. Further , when there Is a pos-
sibility of degraded dynamic range based on the setting Paper charts or magnetic tape should be avoided , if
of a gain potent iometer , the worst possible case (using possible , due to the difficulties to these mechanical u-
the recomme nded microp hone system) should be sped - nits caused by dirt and moisture (especially at cold
fled. (The inpu t noise of the monitor should be men- temperatures). Low-cost, solid-state memory is pee-
sured by using an impedance equivalent to the output ferable. When mechanical recording devices are used ,
impedance of the microphone system.) The dynamic they must be easily serviceable by technicians wear-

• 
• range as a straight electrical system should also be ape- Ing gloves and must be especially protected from the

rifled as well as Input noise and maximum voltage. For elements.
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• Power Supply Requirements High-speed data output should be provided so that
The units should be capable of extended operation the operator need not record large quantities of num-

on eit her inte rnal or external batteries , hers. Data recording by hand is an error-prone proce-
dure and can be quite burdensome to the operator in

The batteriesshould be easily removable and cli angea- very co ld weather. The recording device need not be
• ble without impeding operation ut extenxively uscd contaimied within the nmonitor propel, hut m a y  he car-

mmnu i lo r s . ned to t ime site by t he operator.
A 110-V option should be used only wit h internal .

non interru ptible power supplies. Monitors performing data reduct ion in the field, amid
therefore providing results immediately, are preferable

~

• 
When using 110-V power. the monitor system to those requ iring subsequent laborato ry analysis; in

should be unaffected by transients and other distur- the former, correct operation can be checked on-site
bances on the power line, and other related work accomplished during the moni-

Battery life specification by the manufacturer should toring period.
not only be for laboratory temperatures but also for
co ld temp erature use , i.e., -20°C (-4°F). overall system calibration should be easy to per-
Operating Env ironment form by one person.

The monitor should be operable in temperatures
ranging from -30°C (-22°F) to 50°C (122°F) without A remotely operated acoustical calibrator should be
adverse effect on its performance. built into the microphone system, because system cali-

bration can then be performed without actually going

‘ 
There should be no great variation in gain, sensitivi- to the microphone.

ty, or other performance factors with temp erature
changes. • Single-frequency calibration should take only a few

seconds and should not require extended integrationCrest Factor and Impulse
Handling ~~~~~ 

periods to achieve sufficiently accurate results.

To avoid discrepencies between systems , the detec. The system should be capable of calibration in any
tor should ideally be a true integrator. That is , the de- operating mode and not restricted to use of a certain
tector and monitor should implement the integral of microphone.• 

~ the square of the weig hted sound pressure level as a
• function of time. If true integration is not employed, The calibration should be unambiguous for all• the rise and fall time of the standard RMS detector recommended microphone systems.

should be specified in detail, including damping re-
quirements, so that results will be comparab le from Analog Output
monitor to monitor. An analog output should be conveniently provided
Sampling Rate for connection to other analog recording devices and

When using traditional RMS detectors having inkier- to high4lnp edance headphones. Connect ing these de-
vices to the analog output should not affect monitorant integ ration times , the sampl ing rate need not be

faster than approximately two times the integration system performance.
rate, or 21, where I is the integration time. Factory Testing and Packaging

When employing true Integrating detectors, the inte- Units should be designed for rough handling and
grator output should only be sampled at the end of the fIeld use in dusty and inclement environments. They

• measurement period. If only L~ hours are required, should be fully electrically tested, Including extended
the satnpling of the detector should only be performed battery operations, prior to shipment.
hourly. Prior to electrical testing, the manufacturer should

For the traditional RMS detector, the crest factor place the unit on a shock test m*chine set to perhaps
• should be at least 15 to 20 dB. Ig at 10 Hz for 2 hours.

Data output The use of military-grade Inclosures for the equip.
Data should be available directly on the front panel ment Is desirable, since these are intended for strenu-

ous use.in a form readable by an operator. 
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APPENDIX: MONITORS TESTED

8&K Model 166
Environmental Noise Classifier

Data Storage: Mechanical Counter
Calculation: None
Reautta Available: Data bins
Time to Analyze $ 1-Hour Block: About 10 minutes of hand

calculation are required to get selected L.a’s and L00 from
data in bins.

Electrical Inputs: 60-dR range1
Welghdnp: A.C. D,flat
Maximum ReMlisge: 90dB
Dynamic Range: 30 dB
Maximum Input: S mV

Lord: -
• EquIvalent Microphone Sensitivity:

relV /Pa -50 dB
Crest Factor: Not tested due to unusual display
Sample Rate: 6 seconds/sample
Power Supply: 120 V ac
Endurance: -

tThc ranges available are 45 and 60 to 100 In 5-cib Increments.

BAR Model SP321
Digital Data System Fur Noise and Vibration

Data Storage: Magnetic tape
Calculation: Programmable calculator
Results Avacable: Les, NPL, S.D.. arbitrary L0 values
‘flme to Analyze a I-Hour Block: 4 mInutes with data rate

1/second. Lower ssmple rates require less time and vice
• versa.

Electrical Inputs: 35-dR base 35-dR base 65-dR base
(cw)1 (ccv) (cw)

Welghdap: A or flat A or flat A or flat
Maximum R.adlispu 9$ dB 95 dH 125 dB
Dyaemlc Raap:2 71 dB 72 db 71 db
Maximum Input: 110 mV 40 mV 340 mV
Noise Level: 30 M V 10 ~iV 96 ~*V
Equivalent Microphone Sentitivity:

rd V/ P* 20dB -- 29 db -29 db
Crest Factor: 20db 20 db 20 db
Sample Rate: 1 . 3, 10 seconds/sample
Power Supply: 120 V ac Extetnal Internal

power rechargeable
supply batter ies

Endurance: - — 48 hours

and ccw refer to the position of the calibration potenti-
ometer.

2Only 60 dR Is used In basic system.
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CEL Model 112 NoNe Average Meter

Data Storage: Internal memory
t Calculation: Internal computation

Results Available: Lea
Time to Analyze a I-Hour Block: N/A
Electrical Inputs: Microphone Microphone

high low Auxiliary
Weigiidnp: A A flat
Maximum ReadIngs: 147 JR 117db 147 db
Dynamic Range: 77 dB 75 db 77 dB
Maximum Input: 1.2 V 38 mV 7. V
Noise Level: I7OpV 6.8 MV 1 mV
Equivalent Microphone Sentitivity:

re I V/Pa —51 dB —SI dB —35 db
Crest Factor: 3 dB at maximum input ; can handle individual

even ts.
Sample Rate: Variable-frequency digital integrator
Power Supp ly : 120 V ac Interna l rechargeab le

battery
Endurance: — — 5 hours

CERL Model 260
True RMS lategeating Eavhowmes tal Noise

Monitor and Sound Level Meter

Data Storap: Internal memory
Calculation: Internal com~natat1on
Results Avabable: L~, SEL
Time to Analyze $ l4loue Slack: Direct readout
Electrical Inputs: Microphone
WelgiitMgs A,C, D, flat
MaxImum Readings: 102db
Dynam ic Readings: 102 431
Maximum Input: 10 V

• Nulse Lord: .l6mV
Equivalent Microphone Ssndthlty:

r e IV /Pa —29 dB2
Crest Factor: 3 dB at maxImum input; can handle individual

events.
Sample Rate: 50 kHz single channel 25 kliz dual channel
Power Supply: 120 V ac Internal rechargeable 12 V de

batteries external
Endurance: — 4 hours 3 days

tUp to $0-4B correction factor can be added.
2WIth 20dB of gain In BAK 4921 and 17dB of correction.

• •
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CERL/EPA

Data Storage : Magnetic tape
Calculation: Programmable calculator
Results Available: Lea, L.j~, S.D., selected Ln. data bins.
Time to Analyze a I-Hour Block: 1/2 minute for printout
Electrical Inputs: 1 20-dB scale NOTE : Any scale may be

entered from the keyboard
Weightings: A .C, D,tlat
Max imum Readings: Depends on scale entered
Dynamic Range: 80 dB
Maximum Input: 10 V
Noise Level: 1 mV
Equivalent Microphone Seontivity:

re I V/Pa —29 dB’
Crest Factor: 14db
Sample Rate: 10 samples/second and slower
Power Supply: l2O V ac
Endurance: —

tWith 23 db of gain in B&K 4921

Dl~ tal Acoustics Model DA603
Incremental Noise Data Acquisition Uni t

Data Storage: Magnetic tape
Calculation: Programmable calculator
Results Available: L5~, NPL , S.D., selected L~
Time to Analyze a 1-Hour Block: 3 min utes with data rate

I/second; lower sample rates take less time and vice versa
Electrical Inputs: with calibration with calibration

switches at minimum switches at maximum
Welghdnp: A or flat A or flat
Maximum Readings: 143 db 143 JR
Dynamic Range: 123 JR 61 dB
Maximum Input: 12 V 8.9 mV
Noise Level: 8.5 gV 7.5 ~V
Equivalent Microphone Sensitivity:

re I V/Pa -27 dB —90 dB
Crest Factor: 30 dB 30dB
Sample Rate: 4. 2, 1 sample/second, and 2, 4, 8, 10, 32

seconds/sample
Power Supply: Internal rechargeable battery
Endurance: 3 days

• - 
I’
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General Radio Model 1945
Community Noise Analyw

Data Storage: Inter nal memory
Calculation: Internal computation

• Results Available: Lea. L~~, selected L~. HUD levels
Time to Analyze a I-Hour Block: I 1/2 mInutes-var ies with

number of L.a’s examined
Electrical Inputs: Microphone Aux iliary
Weightings: A ,C. flat A, C. flat
Maximum Readings: 120 dB 120 dB
Dynamic Range: 98 dB 98 db
Maximum Input: 13 V .51 V
Node Level: 1.6 MV 65 MV
Equivalent Microphone Sensitivity:

re lY/Pa —44 dB —32dB
Crest Factor: At least 14 dB at maximum reading
Sample Rate: 10 samples /second
Power Supply: 6 “I)” cells
Endurance: 3 days

Laboratory Equipment Model 20103
Digital Acoustical Data Acquisition System

Data Storage: Magnetic tape
Calculation: Minicomputer at manufacturer ’s facility
Results AvaMable: L~, Leg, HNL, L~~, LNp, CNEL
Time to Analyze a 1-Hour Block: N/A
Electrical lsspuis: Microphone
Welghtlnp: A, C, fla t
Maximum Readings: 125 dB
Dynamic Range: 100 dB NOTE: Not measured. Used manu-

facturer’s data sheet value.
Maximum Input: 1.8 V NOTE: Not measured. Used manu-

factur er’s data sheet value.
a Noise Level: I 8MV NOTE: Not measured. Used manu-

• facturer’s data sheet ,atae.
Equivalent Microphone Sensitivity:

r e lV /Pa —26 dB
Crest Factor: Not measured
Sample Rate: .S,l,and JO seconds per sample
Power Supply: l2O V ac lOin l8Vdc Internal

external supply battery
Endurance: — — 8 hours
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Metroaonics Model dB -602
Sound Level Analyzer

Data Storage: Internal memory
Calculation: Internal computation. NOTE I: Unit tested did

not have Lea opt ion installed . NOTE 2: the stored data
can be read by a Wang 600 programmable calculator for
further processing.

Results Available: Arbitrary L~ values in l-d B steps.
Time to Analyze a I-Hour Block: I 1/2 minutes. Time varies

w ith numbe r of L,~’s examined.
Electrical Inputs: I 30-d13 range 1 I 30-d O range Microphone

(cw)2 (ccw)2 A3
Weightings: flat flat A
Maximum Readings: 149 dB 149 db 119dB
Dynamic Range: 87 dO 99 413 87 dB
Maximum Input: 4.38 V -26.5 V 0.18 V
Noise Level: .2O mV 3OmV 8 pV
Equivalent Microphone Sensitivity :

re I V/Pa - 26 dB —42 db -40 dB
Crest Factor: 10dB
Sample Rate: I sample/second (set at factory; others are avail-

able upon request )
Power Supply: 120 V ac Internal Ic- External

chargeable 12 V dc
battery

- Endurance: — 2 days —

1kange switch only changes displayed value.
2cw and ccw refer to the position of the calibration potentiom-

eter.
• 3Microphone B same as Microphone A but display reads 10dB
• higher.

Tracor
Environmental Noise Monitor

Data Storage: MagnetIc tape
Calculation: Minicomputer (at manufacturer ’s facility)
Results Available: Lea, CNLL, selected Ln

• Time to Analyze a I-Hour Block: N/A
Electrical Inputs: 130-d R Range 100-40 Range
Weighting, A A
Maxlmum Readlnp: 129 dB 99 dB
Dynamic Range: 85 dB 69 dO
Maximum Input: .36 V 11 mV
Noler Level: 2OuV 4~ V

• 
•
- 

Equivalent Microphone Sensitivity:
- - 

- - re I V~~ —44 dB —44 dB

~~ st Factor: N/A. Does not have RMS detector.
Sample Rate: 1 /urcond
Power Supply: External 1 2-V auto battery
Endurance: 2 days

NOTE: This uni t was developed for the manufacturer ’s Inter-
-
~~~~ nal use.
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